Screening considerations:
There is a TSH surge in the first 24 to 36 hours of life. Screening before 48 hours produces a high rate of false positive results due to this surge. The results can also be affected by maternal thyroid antibodies, medication for maternal thyroid disease, maternal iodine deficiency, excessive dietary iodine and external application of iodine to mother or baby.
Diagnosis:
For infants with a positive screen, an urgent blood sample should be collected to perform thyroid function tests: fT3, fT4, TSH As well, further diagnostic studies are indicated:
A thyroid scan (99mTc pertechnetate scan) thyroid scans are better at detecting ectopic thyroid tissue [19, 22] . However, treatment should not be delayed if a thyroid scan is not readily available.
[Contact Nuclear Medicine CHW: Phone: 9845 2890; Fax: 9845 2892] Thyroid ultrasound is indicated if there is no uptake on the thyroid nuclear scan.-ultrasound is able to detect tissue not visualised on isotope scanning, and shows abnormalities of thyroid volume and morphology [22] . [Contact Medical imaging CHW: Phone: 9845 2944; Fax: 9845 2943] With a history of maternal autoimmune disease or a non-dysplastic thyroid on imaging, maternal and baby thyroid antibodies measurements are indicated. Bone age x-ray (knee), are used to determine the type, age of onset and severity of hypothyroidism.
Interventions:
Contact the on call Endocrinologist at either Sydney Childrens Hospital (93821111) or Childrens Hospital Westmead (98450000) Commence thyroxine 10 µg/kg/ day as soon as diagnosis is confirmed. A meta-analysis of observations studies reported that higher starting doses result in more rapid normalisation of thyroid indices but effects on growth and development were uncertain. Concerns were expressed about the possibility of increased behavioral problems at 8 years [23] . In a randomised study, early treatment with more repid correction of thyroid function has been demonstrated in trials to produce better developmental outcomes [17, 18] . There does not appear to be any additional benefit from use of T3 treatment added to T4 [24] . Repeat thyroid function tests at 12 weeks, 6 weeks, 3 months and thereafter 2 to 3 monthly until 3 years and then 4 to 6 monthly.
Once TSH in normal range: continue with 100 micrograms/m2 daily titrated to fT4 and TSH. Note:
Body Surface Area = √ [height (cm) x weight (kg)]
3600
Treatment is aimed at keeping the free T4 concentration in the upper third of the normal range and TSH suppressed into the normal range [17, 18] . If dyshormonogenesis is suspected, hearing tests should be performed regularly for at least the first year of life and development monitored.
Infants with Down Syndrome:
Infants with Down Syndrome may be at increased risk of congenital hypothyroidism [25] . These infants also have a population shift in T4 values and TSH at all ages, suggestive of a thyroid insensitivity to thyrotropin [26, 27] . In addition, they are at increased risk of autoimmune thyroiditis and possibly Graves Disease [26, 28] .
In infants with Down Syndrome, daily thyroxine doses adjusted at regular intervals to maintain plasma TSH in its normal range and free T4 concentrations in its high-normal range, improved growth and development [29] .
Infants with elevated TSH and normal T4:
There is controversy regarding the need for thyroxine therapy in this setting. Apart from infants with Down Syndrome, there have been no long-term studies to evaluate the effect of thyroxine supplementation on cognitive development in this group of patients.
Infants with TSH > 10 mIU/L: The AAP recommends that if TSH elevation persists, the infant should be treated [30] . If such infants are not treated, measurement of FT4 and TSH should be repeated in 2 and 4 weeks, and treatment should be initiated promptly if the FT4 and TSH concentrations have not normalized. Infants with TSH 6 to 10 mIU/L: The AAP does not currently recommend treatment of infants with TSH elevations between 6 and 10 mIU/L that persist after the first month of life. However, if a decision is made to treat such children, a trial off therapy at 3 years of age is recommended.
Transient hypothyroidism
Incidence and risk factors: Transient congenital hypothyroidism is diagnosed by high TSH levels and low free T4 levels soon after birth but with spontaneous resolution over time. [31] In an Italian study, 50% was attributed to maternal and/or neonatal iodine exposure and a third from passive transfer of maternal antibodies [32] . The major causes of transient congenital hypothyroidism are:
Iodine deficiency, Iodine excess, and Passive transfer of maternal thyrotropin receptor blocking antibodies.
Iodine deficiency:
Iodine is an essential element for the production of thyroid hormones.
Iodine requirements increase during pregnancy. The urinary iodine concentration (UIC) is considered a good indicator of a previous days dietary iodine intake, as over 90% of iodine absorbed is eventually excreted in the urine [33] . Globally, more than 1.9 billion individuals have inadequate iodine nutrition (defined as urinary iodine excretion <100 µg/L). [34, 35] Incidence and risk factors: The newborn thyroid has limited iodine stores, and even mild deficiency will increase TSH secretion. In epidemiological studies, populations with 3% of newborns with TSH levels > 5 mIU/L whole-blood are considered at risk of iodine deficiency. In a recent NSW cohort of pregnant women and their infants, the median UIC for pregnant women was 85 µg/L, indicating mild iodine deficiency. Almost 17% of pregnant women had a UIC < 50 µg/L, and 2.2% of newborns had TSH values > 5 mIU/L. Mothers with a UIC < 50 µg/L were 2.6 times more likely to have a baby with a TSH level > 5mIU/L. [36] The incidence of iodine deficiency in Australian newborns requires further study. A survey of Australian children aged 8-10 years found the national median urinary iodine excretion was 104 µg/L, representing borderline iodine status, with NSW children being mildly iodine deficient with median urinary iodine levels 89 µg/L [37] .
Consequences:
Iodine deficiency can lead to congenital hypothyroidism and irreversible mental retardation, making it the most common preventable cause of mental retardation [38, 39] . There is also concern that mild and subclinical iodine deficiency can lead to neuropsychomotor deficits. [40, 41] A 2005 meta-analysis of 37 studies in Chinese publications, which included 12 291 children younger than 16 years, concluded that IQs averaged 125 points lower for children growing up in iodine deficient areas than in sufficient areas [41] . In addition, iodine deficiency in a population results in a high recall rate in neonatal screening programs for congenital hypothyroidism based on an elevated TSH [42, 43] and increased prevalence of goiter. [35, 44] Concern has been expressed that low iodine intake may result in depressed thyroid hormone levels seen in preterm infants (see section on transient hypothyroxinemia). [45] Trials have suggested that iodine supplementation in children results in iodine decreasing goitre rates and improved iodine status, with positive effects on physical and mental development [41] and mortality also reported. [46] Interventions:
For populations: salt iodization is the recommended strategy for iodine deficiency disorders control. [35, 47] WHO recommends adequate iodine intake to achieve a urinary iodine concentration of 100200 µg/l/day. [48] Pregnant women: A meta-analysis of observational studies reported that children who received iodine supplementation prenatally and postnatally averaged 87 points higher than those who did not [41] . Iodine supplementation in the first and second trimesters of pregnancy decreased the prevalence of moderate and severe neurological abnormalities and increased developmental test scores through 7 years, compared with supplementation later in pregnancy or treatment after birth. Currently, studies are required to determine the iodine intake and status of pregnant women in Australia. Children: Systematic review [46] of trials of iodine in children found iodine supplementation (especially iodised oil) is an effective means of decreasing goitre rates and improving iodine status in children. Indications of positive effects on physical and mental development and mortality were also reported. Newborn infants: The immediate neonatal requirements for iodine are high as a result of the postnatal thyroid hormone surge and the small calculated intra-thyroidal reserve pool of thyroid hormone. The recommended enteral intake of iodine for is at least 15 µg/kg/day for term infants and 30 µg/kg/day for preterm infants. [3] The iodine intake of newborns is entirely dependent on the iodine content of breast milk and the formula preparations used to feed them, and/or the parenteral nutrition supply [3] . In turn, the iodine content of breast milk is dependent on the iodine status of the lactating woman and reduced by maternal smoking [49] . Preterm infants: Only one randomised trial has examined the effect of iodine supplementation in preterm infants. Infants (n=121) were randomised to standard (68 µg/l) versus increased (272 µg/l) iodine in preterm formula. There was no effect on thyroid hormone levels and no effect on growth or neonatal morbidity. Neurodevelopment was not reported. [50] Future research: The iodine status of infants and the effects of iodine supplementation of iodine deficient infants need further study. A trial (I2S2 trial -http://www.euthyroid.org/) is proposed to study the effects of supplementation of parenterally fed infants with potassium iodide 30 µg/kg/day or placebo started within 42 hrs of birth for 28 days. Incidence and risk factors: The incidence of transient hypothyroidism related to iodine overload depends upon the cumulative exposure to iodine of the newborn infant, with one Australian study reporting an incidence of 25% in an iodine using perinatal centre, compared to none in a control centre not using iodine containing antiseptics or contast agents. [5] Preterm and low birth weight infants appear to be at greater risk than term infants. [5] [6] [7] The data suggest that repeated cumulative exposure, both antenatally and postnatally, place the infant at high risk from iodine excess and transient hypothyroidism. Risk factors for neonatal iodine overload include:
Maternal exposure to iodine povidone-iodine use for skin disinfectant during caesarean section or vaginal delivery [43] and amiodorone treatment of maternal, fetal arrhythmia or neonatal [51, 52] . Postnatal exposure to iodine during: routine umbilical cord care and skin disinfection prior to procedures, [5, 53] and injection of iodinated contrast material for radiographic visualization of central venous lines. [6, 7] One study in 50 term and preterm infants reported no effect on thyroid function from a single exposure to povidone-iodine antisepsis with only a slight elevation in urinary iodine excretion [54] .
A study is planned in the UK (I2X2 study -http://www.euthyroid.org/) to determine the incidence of transient hypothyroidism following exposure to iodine in infants less than 32 weeks gestation.
There are no published reports on the effect of transient hypothyroidism due to iodine overload on neonatal morbidity, mortality and subsequent neurodevelopment.
Interventions: There are no data from controlled trials to determine whether thyroid hormone treatment of infants with transient hypothyroidism affect neurodevelopmental outcome. In a cohort study with incomplete ascertainment of thyroid status and neurodevelopmental outcome, there was no difference in the development or intelligence scores between infants who had transient hypothyroidism (TSH >20 iU/L) and those with normal TSH levels. The incidence of neurodevelopmental disability did not differ between infants with and without transient hypothyroidism. Infants with transient hypothyroidism were treated with thyroid hormone replacement. [55] Antisepsis: Systematic review [56] of trials of chlorhexidine versus povidone-iodine for skin and catheter antisepsis report reduced sepsis rates in infants treated with chlorhexidine (RR of catheter-related bloodstream infection 0.49 (95% CI: 0.28, 0.88)). Trials typically used chlorhexidine concentrations >0.5% or chlorhexidine in 70% alcohol. In neonatal units using povidone-iodine, trials of chlorhexidine versus povidone-iodine are required. In developed countries, there is no evidence that use of an antiseptic (including povidone-iodine) for cord care is better than keeping the cord clean and dry without antisepsis use [57] . In a developing setting, a cluster randomised trial of 4% chlorhexidine for cord care versus dry cord care, severe oomphalitis was reduced by 75% (RR 0.25, 95% CI 0.12-0.53) and neonatal mortality was 24% lower (RR 0.76, 95% CI 0.55-1.04). [58] Povidone-iodine is not used in RPA Newborn Care.
Radiology contrast agents:
There are reports [6, 7] of transient hypothyroidism in response to iodinated contrast agents, although not all are consistent. All agents have iodine but at differing concentrations liberating differing quantities of free iodine. In view of concerns regarding the potential for iodine overload, the use of radio-opaque contrast materials should be limited to central line placements which are inadequately visualized by plain x-ray and ultrasound. Plain x-ray has been reported to be imprecise in determining central line tip position in neonates [59] [60] [61] .
Transient hypothyroxinemia of prematurity
In preterm infants, levels of T4 and fT4 in the first day vary directly with gestation. [12, 62] However, unlike term infants, the concentrations of T4 and fT4 decrease to reach a nadir between day 10 and 14 after birth that is more severe at lower gestations and birth weights. [62, 63] Thyroid hormone levels then tend to return to normal levels after three weeks, but continue to increase up to six to eight weeks after birth. [64] Furthermore, the levels of T4 and fT4 in premature infants are lower than those seen in the normal fetus at similar gestational ages [65] [66] [67] .
This period of low thyroid hormone levels in infants born prematurely has been termed "transient hypothyroxinemia of prematurity" (low T4, normal thyrotropin [TSH]).
Incidence and risk factors:
Incidence of infants with severely depressed T4 values (below 4 mg/dL) ranged from 40% at 23 weeks gestation to 10.2% at 28 weeks gestation. [68] In surviving VLBW infants, 1.5% had screening T4 concentrations that were immeasurably low (<3.9 nmol/L = 0.3 µg/dl) [63] Intraventricular haemorrhage, [73, 79] Chronic lung disease, [71] Death, [71, 73, 80] and Neurodevelopmental disability: Three cohort studies [8] [9] [10] [11] [12] have documented an association between low thyroid hormone levels (T3 or T4) in the first weeks after birth and abnormal neurodevelopmental outcome. All three cohorts documented a measure of abnormal mental development in children who had low neonatal thyroid hormone levels. The associations in the cohorts persisted despite correction for potential confounders including gestation, measures of fetal growth (either birth weight or presence of growth restriction) and, in some studies, many factors relating to severity of illness in preterm infants and independent risk factors for abnormal neurodevelopmental outcome. The studies reported: A 4.4 fold increase in risk of disabling cerebral palsy and a 7 point reduction in mental development index at 2 years [12] , and an increased risk of school failure at 9 years [8] in infants with a T4 level in the 1st week >3 SD below the normal values (<60nmol/L), A 8.3 and 7.4 point disadvantages in Bayley mental and motor scales and a 8.6 point disadvantage on the academic scale of Developmental Profile II at 18 months' corrected age in infants with a T3 level <0.3 nmol/L, [10] An association between low T4 levels and failure to meet developmental milestones at 2 years. [11] Interventions: Trials of thyroid hormones in preterm infants have not demonstrated any benefit from use of thyroid hormones for prevention of neonatal morbidity or long term neurodevelopmental impairment.
The following reviews the evidence from systematic reviews of thyroid hormones in preterm infants:
Prophylactic postnatal thyroid hormones for prevention of morbidity and mortality in preterm infants: systematic review [13] found 4 trials enrolling 318 infants. All studies commenced treatment in the first 48 hours, with doses of T4 ranging from 8 to 20 µg/kg/day. No significant difference was found in neonatal morbidity, mortality or neurodevelopmental outcome up to 10 years in infants who received thyroid hormones compared to control. A subgroup analysis from one trial [81] of infants born <27 weeks gestation reporting a benefit from thyroid hormones should be viewed with caution given imbalances after randomisation and the fact the analysis was not prespecified. Postnatal thyroid hormones for preterm infants with transient hypothyroxinemia: systematic review [15] found one trial enrolling 23 infants <1250 g and 25 -28 weeks gestation with transient hypothyroxinemia (serum total T4 =4 µg/dl and TSH =20 iU/L) randomised to thyroxine 10 µg/kg/day or placebo beginning day 15 and continuing for seven weeks. No significant difference was reported any neonatal morbidity up to 36 weeks corrected age and no difference in growth in weight, head circumference or length. Neurodevelopmental follow up was inadequate to draw any conclusions from. Postnatal thyroid hormones for respiratory distress syndrome in preterm infants: systematic review [14] found 2 studies that enrolled preterm infants with respiratory distress, with one study comparing treatment with L-thyroxine 50 µg/dose at 1 and 24 hours to no treatment, and the other Ltriiodothyronine 50 µg/day in two divided doses for two days or no treatment. Neither study reported any significant benefits in neonatal morbidity or mortality from use of thyroid hormones.
Infants of mothers with Hashimotos thyroiditis
Infants of mothers with Hashimotos thyroiditis are at low risk of transient hypothyroidism from thyroid blocking antibodies (incidence estimated at 1:180000), and rarely of thyrotoxicosis from coexistent thyroid stimulating antibodies. Most infants with transient hypothyroidism born to mothers with Hashimotos thyroiditis are identified by routine neonatal thyroid TSH screening. [82] There is conflicting advice on whether it is necessary to perform additional thyroid function tests on infants of mothers with Hashimotos thyroiditis [82, 83] . Until evidence is presented to the contrary, infants of mothers with Hashimotos thyroiditis should have the routine NSW Newborn Screening Programme TSH measurement on day 3 or 4.
Infants of mothers with Graves Disease
Neonatal thyrotoxicosis is rare condition caused by the transplacental passage of thyroid stimulating immunoglobulins (TSI) from mothers with Graves disease or, more rarely, Hashimotos thyroiditis. TSIs may continue to be produced even after ablation of the thyroid gland with surgery or radioiodine. Neonatal thyrotoxicosis secondary to TSIs is a transient disorder, limited by the clearance of maternal antibody from the babys circulation. Rarely, thyrotoxicosis may be due to inherited activating mutations in the TSH receptor.
Incidence and risk factors:
The reported prevalence of Graves disease in pregnant women is approximately 0.2%. Although it is usually stated that only 11.5% of their offspring will have overt hyperthyroidism, higher incidences have been reported (5%-12.5%). A further 3% of babies of mothers with Graves disease have biochemical thyrotoxicosis in the absence of symptoms. [83] Consequences: Fetal thyroid tissue function is established by 12 week gestation and by 25 week is almost functionally mature.
Effects on pregnancy:
Although data are sparse, pregnancies affected by maternal hyperthyroidism may be at increased risk of:
Miscarriage [84] Stillbirth [85] Intrauterine growth restriction [86] Preterm labor and other pregnancy complications including pregnancy induced hypertension and thyroid crisis [86] Fetal effects: the fetus may develop goitre, tachycardia, hydrops associated with heart failure, growth retardation, craniosynostosis, increased foetal motility and accelerated bone maturation.
Neonatal effects:
In the neonate, overt symptoms and signs usually occur in the first few days of life and may last for 36 months, proportional to the clearance of maternal IgG [87] . However, overt thyrotoxicosis has been reported to occur as late as 45 days [87] , delayed by the presence of transplacentally transferred maternal antithyroid drugs or blocking antibodies. Affected neonates may have irritability, restlessness, goitre, excessive weight loss, failure to regain birth weight, diarrhoea, sweating, flushing and eye signs including peri-orbital edema, lid retraction and proptosis [86, [88] [89] [90] . Initial sinus tachycardia can progress to tachyarrhythmia and congestive cardiac failure [91] . Systemic [92] and pulmonary hypertension may be present [93, 94] . Neonatal thyrotoxicosis is reported to have a mortality of 1625% [89, 95] . Most infants have a goitre. Advanced bone age, craniosynostosis, and microcephaly may be evident in both the fetus and newborn. Prevention: Infants of mothers with Graves disease during pregnancy who are appropriately managed with antithyroid medication will usually have infants who are asymptomatic, although they are still at risk of biochemical hyperthyroidism (T4 >35 pmol/L). [97] If hyperthyroid:
Symptoms and signs of neonatal thyrotoxicosis:
1. Contact the on call Endocrinologist at either Sydney Childrens Hospital (93821111) or Childrens Hospital Westmead (98450000) 2. The treatment of thyrotoxicosis is supported by case reports in the literature and is consistent with the treatment of hyperthyroidism in other populations of patients. Thyrotoxicosis in the newborn may be treated with either:
Propylthiouracil (PTU): 510 mg/kg/day in three divided doses. PTU inhibits the synthesis of thyroid hormones by blocking the oxidation of iodine in the thyroid gland and synthesis of thyroxine and triiodothyronine. Peak concentration occurs within 1 hour of ingestion. The major drug interaction is the enhancement of anticoagulant activity.
Or Carbimazole: 0.51.5 mg/kg/day as a single daily dose:
As the drugs block the synthesis but not the release of thyroid hormones, a clinical response to thionamides may not occur until the thyroid hormone stored in the colloid is depleted. Therefore 3. Iodide solution, which suppresses thyroid hormone synthesis and has a prompt effect in inhibiting the release of thyroid hormones, may be used in conjunction with case reports in the literature of their use. Either:
Saturated potassium iodide (KI) (48 mg iodine per drop) given in a dose of 1 drop daily, or Lugols solution (5% KI; about 8mg iodine/drop) in a dose of 1 to 3 drops daily 4. Beta-Blockers are effective in controlling symptoms caused by adrenergic stimulation, in particular, cardiovascular symptoms associated with tachycardia or tachyarrhythmia. In addition, they inhibit deiodination of T4 to T3. Use: Propranolol 0.270.75 mg/kg 8 hourly. This may be administered orally or slow intravenous injection (over 10 minutes). The goal of therapy is reduction in heart rate to safe levels (<180bpm). Potential side effects include hypoglycaemia, bradycardia, and hypotension, so babies require close monitoring. 5. Specific treatment for cardiac failure may be required, for example Digoxin and Diuretics. 6. Severely thyrotoxic babies may be treated with prednisolone [98] which suppresses deiodination of T4 to T3 and compensates for hypercatabolism of endogenous glucocorticoids induced by T3 and T4. The dose of prednisolone is 2mg/kg/day. 7. Other general measures:
Sedatives may also be helpful in managing irritability and restlessness.
Monitor for hyperthermia and aim to achieve a neutral thermal environment. Assess fluid balance infants may have increased fluid requirements secondary to increased transepidermal water losses associated with hyperthermia and losses associated with diarrhoea. Assess growth infants may need increased caloric intake to ensure normal growth.
Breast feeding and maternal antithyroid drugs:
It is important to monitor the thyroid function of infants who have perinatal exposure to antithyroid drugs.
Propylthiouracil: propylthiouracil crosses into the milk only in small amounts [99] and the thyroid function of infants of mothers on propylthiouracil normalized after birth whilst still breast feeding [100] . Mothers with Graves disease who are receiving propylthiouracil may be advised that breast-feeding their infants is safe.
Methimazole: methimazole is transferred into breast milk extremely well. However, normal thyroid function [101] [102] [103] , developmental and intellectual outcomes have been reported in infants exposed to methimazole during pregnancy and breast feeding [104, 105] .
Key Points Key Point Rating
Iodine deficiency may be associated with transient neonatal hypothyroidism, cretinism and mental retardation. WHO recommends adequate maternal iodine intake to achieve a urinary iodine concentration of 100200 µg/l/day 1a All infants should be screened for congenital hypothyroidism on day 3-4 by heel prick test (TSH assay) 1a
Infants with clinical signs of hypothyroidism should have thyroid function tests performed (TSH, fT4 +/-fT3) 5
Infants with raised TSH on newborn screen should have confirmatory urgent blood sample for fT3, fT4, TSH. If confirmed:
Arrange urgent iodine scan and ultrasound Commence thyroxine 10 µg/kg/day Target fT4 high normal and TSH in normal range Once fT4 and TSH in target range: give thyroxine 100µg/m2/day 1a
In preterm infants at risk of transient hypothyroxinemia thyroid hormone replacement has not been reported to improve neonatal morbidity, mortality or neurodevelopmental outcome 1a
In preterm infants, transient hypothyroidism from iodine excess has been reported from use of topical antiseptics containing iodine. The long term effects of transient hypothyroidism and treatment of transient hypothyroidism are unknown 1a
Infants of mothers with Graves Disease should have:
fT4, fT3 and TSH on cord blood, day 2-7 (with NBS) and additionally on day 14 if the mother is on antithyroid medications 2b 11.5% of the infants of mothers with Graves disease have overt hyperthyroidism, a further 3% have biochemical thyrotoxicosis in the absence of symptoms. All infants born to mothers with Graves Disease should be assessed for clinical signs:
irritability, restlessness, goitre, excessive weight loss, failure to regain birth weight, diarrhoea, sweating, flushing and eye signs including peri-orbital edema, lid retraction and proptosis, and sinus tachycardia. 
